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HOBEPXHEBE 3MILHHEHHSA 3D-IIPIHTYBAHOI'O CIIVIABY TI-6AL-4V
HIJIIXOM KOMILJIEKCHOI OBPOBKH

SURFACE HARDENING OF 3D-PRINTED Ti-6Al1-4V ALLOY THROUGH
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The object of this work is a study of the microstructure and hardness evolution of
LPBF-manufactured biomedical alloy Ti-6Al-4V superficially modified by pack
carburization and subsequent laser melting [1]. Ti-6Al-4V alloy specimens of 5x10x25
(mm) in size were fabricated by Laser Powder Bed Fusion process using a “ProX DMP
320” (3D Systems) equipment with a 500 W fibre laser (1070 nm wavelength, 0.5 mm
beam diameter). The powder feedstock (particle size is 39+3 um) was an EOS Titanium
T164ELI powder of nominal chemical composition (wt. %): Al (5.5-6.75), V (3.5-4.5),
0<0.2,N<0.05,C<0.08,H<0.015, Fe < 0.3, Ti - balance.

Carburization was conducted in a powder of (NH»),CO (20 vol. %), KsFe(CN)¢ (20
vol. %), and a carbon black (60 vol. %) at 1000 °C (7 hours). The laser processing was
fulfilled by fiber laser «TruFiber 400» (TRUMPF) of 1064 nm wavelength with a
power of 400 W and scanning velocity of 5 mm-sec™!. The investigations included
optical (GX71 OLYMPUS) and scanning electron microscopy (SEM) observations
(JSM-7000F JEOL), energy-dispersive X-ray spectroscopy (INCAx-sight, Oxford
Instruments), X-ray diffraction (X'Pert PRO, PANalytical, Cu-Ka radiation) and
microhardness measurement (LM700AT LECO, under the load of 0.05 kg).

It was found that carburization resulted in a 440-700 um deep carbon-rich layer of
aT1 with an upper thin layer comprising TiC, TiO,, and Al,Os (Fig.1). Carburization
led to a hardness of 720+12 HV in a near-surface layer which is two times the bulk
structure (322132 HV) (Fig. 2).
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Figure 1. (a) The cross-sectional microstructure of the as-carburized state (i, 1i, iii are the layers
within the carburized layer), (b) XRD patterns of LPBF Ti-6Al1-4V alloy (1 — as-carburized
(oxidized), 2 — as-carburized (polished), 3 — laser-melted (sand-blasted)).
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Figure 2. Microhardness profile in cross-section of ~ Figure 3. The cross-sectional microstructure
carburized and laser-melted specimens of LPBF of the specimens after the laser melting.
Ti-6Al-4V alloy.

A consequent laser scanning formed a 60-120 um wide melted layer followed by
the heat-affected zone (having a needle-like aTi-martensite) extended to ~0.8 mm
depth (Fig. 3). The melted layer had a fine-grained structure which included the

dispersive particles of an oxycarbide Ti(Oo3Co2) of both grainy and dendrite-like
shapes (Fig. 4).
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Figure 4. SEM images of microstructure of a near-surface layer in a laser-processed specimen: (a)
grainy particles of oxycarbide Ti(O0.8Co.2) (SEI and BSE images), (b) the crystalline planes in the
particles, (d) the dendritic-shaped particles Ti(Oo0.8Co2) (SEI and BSE images).

Consequently, the melting layer's hardness increased up to 1000-1200 HV with a
further gradual decrease, according to the declining carbon content profile. Cracks and
shrinkage cavities formation accompanied laser melting. It also led to an increased
surface roughness caused by its boiling under the laser melting. Such a response of the
Ti-6Al-4V alloy to laser melting is caused by surface overheating due to the low heat
conductivity of the alloy.
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